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For a number of uses, e.g. for the fabrication of capacitors 
within integrated circuits, cavities are created in the lower 
layer of the circuit. Such cavities are generally called 
trenches. In the case of the formation of a capacitor, such 
cavity is also called a deep trench. 
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Conventionally, a trench is formed in the single crystal 
silicon and then later filled with poly silicon which is 
deposited onto the entire surface of the wafer containing the 
integrated circuit and including the trench. This is done, 
for example with a low pressure chemical vapour deposition 
process. The deposition leads to a layer which completely 
fills the trench. To ensure that the trench is completely 
filled, the trench is overfilled which leads to a poly 
silicon layer with minor indentations which indicate the 
location of the trenches. 



After deposition of the poly silicon, the excessive poly 
silicon must be removed. This is conventionally done by two 
process steps which are called Planarization and Recess etch. 
In the first step, a CMP process is utilised to remove any 
poly silicon from the uppermost surface. In order to not 
impair the structure of the silicon, a nitride layer is 
provided which is deposited onto the silicon prior to the 
formation of the trench. This nitride layer acts as an etch 
and polish stop layer. The CMP planarization is processed 
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with a fixed time. This provides the opportunity to 
overpolish the poly silicon. Next, the recess etch step, a 
plasma etch process, is used to remove some of the poly 
silicon from within the trenches. 

This known process has a severe disadvantage, though. While 
all other poly silicon planarizations employed in the 
manufacturing of integrated circuits can be done within 
integrated processes, the CMP process of this planarization 
has to be handled separately. This complicates the 
planarization, increases risk to damages and results in 
higher cost . 

It is therefore the object of the present invention to modify 
this planarization step and the recess etch step in order to 
arrive at a process which can be better integrated. 

This object is solved by the provision of a process according 
to independent claim l. Further advantageous features, 
aspects and details of the invention can be derived from the 
dependent claims, the description, and the drawings. 

The invention is hence directed to a process for forming a 
recess in at least one poly silicon overfilled trench in an 
integrated circuit, comprising the following steps: 

-uniformly etching the poly silicon overfill layer; 

-stopping the etching before the poly silicon layer is 
completely removed from the surface of the integrated 
circuit; and 
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-recess etching the polys il icon layer with microtrenching 
properties for forming a substantially planar recess near the 
top of the at least one trench. 



10 



20 



25 



30 



By the process according to the invention, the CMP process 
step which was hitherto necessary, can be entirely avoided. 
The inventive process allows an integrated approach, so that 
an interruption is no longer needed. 



The etching step may comprise a plasma etching. In general, 
this step will be performed as any plasma etching commonly 
known to be suitable for etching poly silicon layers, e.g. 
with a high density plasma etch tool, i.e. a particular kind 
15 of plasma chamber. 

The time to stop the etching is preferably determined based 
on measuring the layer thickness of the poly silicon layer. 
By monitoring the thickness of the remaining poly silicon 
layer, the inventive process can be fine tuned to achieve the 
desired aim. 

Such measuring of the thickness of the poly silicon layer can 
be performed by interference spectrometry which allows a 
precise measurement of the thickness. The interference 
spectroscopy uses the reflection of the emitted waves from 
surfaces. Throughout the etching process, when the thickness 
of the poly silicon layer decreases below a certain 
threshold, the layer becomes transparent for the incident 
light which is then also partly reflected from the next 
surface, e.g. the base silicon or a further layer overlaying 
this silicon. 



1 6-02-2000 R 00 P 127 9 



E PO0 103 1:54,1 



DESC f 



Such a further layer may be a nitride layer which is 
interposed between the silicon of the integrated circuit and 
the poly silicon layer. Depositing such a layer on the 
surface of the silicon is in fact a routine measure ^ 
5 to protect the silicon from undesired degradation throughout 
the manufacturing steps of integrated circuits. 

Accordingly, the interference spectrometry may use the poly 
silicon layer and the nitride layer as the two reflective 
surfaces required for interference spectroscopy. 

The thickness of the poly silicon layer which should remain 
on the surface depends on the particular geometric conditions 
of the trench and the thickness of the poly silicon layer 
mtended upon the bottom of the trench, m many typical 
applications, like the forcing of capacitors, the etching 

1 ^ St ° PPed When the remaining poly silicon layer is 
between io and 30 nm thick. 
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The etching can e.g. be stepped „ he „ the regaining poly 
•mean layer is about 20 nm thick. This value has been 
proven to be useful in the manufacturing of capacitors in 
DRAM structures. 

The thickness of the layer correlates with the values 
determined by interference spectroscopy, ^e correlation does 
not need to be calculated, but may be determined 
experimentally. FO r this purpose, the etching of samples is 
stopped, their values for spectrometry is determined, and a 
cross sect.cn of same is subjected to electron microscopy. 

or ™: T U9h ChlS ^-scopic value 

a particular thickness can easily be determined 



5 



The wavelength of the emitted light depends on the use of a 
particular model of spectrometer and the concrete 
application. A wavelength of 257 ran was found to be suitable 
for most applications. 
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The recess etch step gives the poly silicon layer its final 
thickness and shape. Therefore, it must fulfil particular 
requirements. The inventors have found out that the recess 
etching is advantageously performed using hydrogen bromide, 
chlorine, and/or a helium/oxygen mixture. Due to the effect 
of microloading, one gets a higher etch rate within the 
trench, compared to the overfill areas (areas on top of the 
nitride) . This beneficial effect results in the desired, 
substantially planar surface of the finished poly silicon 
layer within the trench, since it compensates for the 
initially bulged periphery of the poly silicon material at 
the trench. 
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2 0 The trench formed with the present invention might e.g. form 
part of a capacitor. The manufacturing of a capacitor is in 
fact a very preferred application of the present invention 
and was the initial reason for the inventor's search for 
improving the planarization and the recess process. 

It is further on preferred that the poly silicon layer is 
deposited onto the integrated circuit by a low pressure 
chemical vapour deposition step. 

30 m the following, the invention will be further explained and 
detailed. Reference will be taken to the figures, in which: 

Fig.l shows the inventive process for planarization; 
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Zl s I ^ " eleCtr ° n miCrOSC ^ P^tographs of a trench 
by a prior art process in several 

manufacturing; and 

Fig. 3 shows an electron microscopy pnot s q£ 

— by the inventive process in severai stages of 
manufacturing. 

TJll7 eSent inVentiOT ' thS hithe »° step of CMP 

integrate* I Lc ' ^ P-ess of 

!ayer is ^Jf' ^ Pr ° gi '" °* the poly silicon 

reeved by rec^s etl "** ** 

~» i-::::: ztizi: rirr 11 ' *~ 

-oss section. F1 g. , A ^ ^ ^ surface vie„e d in 

s-ace before any po i y silicon l^^^ 

: ::: i;:? rr th : circuit - —--by . 

xayer 2. Through both layers ext-en* ^ 
e.g. deep trennhoc * extend the trenches 3, 

J eep trenches for capacitors. As shown in p ' 

entire surface of the integrated circuits i e H' 

then covered with * rwi rcuit s, x.e. the wafer, is 

"overfill.. T Y S 1C ° n 4 (Ga11 ^ ~> 

overfxii.. outs.de the trenches) which also 

trenches 3 with a plug 5. 

The inventive process starts with a « . 

Process step .ay be typicaily 2 at a " ^ 

— a source peer of abou/ C \ ~ E ~ 

ana a bias power of about 
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12 0 W. As etch gases, CF4 and SP6 may be used. The flow rate 
for CF 4 may e.g. be from 40 to 60 seem (standard cubic 
centimeters per minute), e.g. 52 seem, while the flow rate 
for SF 6 could preferably be 30 to 50 seem, e.g. 43 seem. The 
process time will under such conditions preferably be about 
30 seconds. These parameters may however be varied according 
to the general knowledge of a person skilled in the art. The 
result of the first etch step is shown in Fig. l c. The 
thickness of the poly silicon overfill layer 4 has been 
substantially reduced, while the plugs remain unchanged. 
However, depending on the particular formation of the 
process, also a portion of the plugs 5 could be removed at 
the first etch step. When the etching has led to the result 
shown in Fig. i C , the etch step is stopped, and a further 
etch step, a recess etching with microtrenching properties is 
started which removes portions of the plugs 5. Conditions for 
this process may typically comprise a pressure of 0,53 Pascal 
at a source power of about 960 W and a bias power of about 
240 W. The flow rate for Cl 2 may e.g. be 135 seem, the flow 
rate for HBr may preferably be 40 to 50 seem, e.g. 45 seem, 
and the flow, rate for He/0 2 may preferably be 10 to 25 seem, 
e.g. 16 seem. The process time will under such conditions 
preferably be about 30 seconds. Variations of these 
parameters are possible and will be contemplated by skilled 
persons. The result of this etch step is shown in Fig. 1 D . 
In this example, the poly silicon layer 4 was removed 
altogether, as preferred. Alternatively, a very thin poly 
silicon overfill layer may still remain on nitride layer 2 . 

The plugs 5 are also eroded, while a substantially planar 
surface of the plug is formed. This lead to a recess 6 having 
the desired depth within the trench. In the example shown, 
the plug is no longer in contact with the nitride layer 2. 
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This however. ^ depena on concrece ^ 

recrements and fcinds of ch6 manufactured 

«g. 2 shows photographs of an electron microscopy of cross 
-ctions of material treated according to prior Zt 
processes. Xn Pig. 2 A , chere shown J °* « 

surface sfhav- «-u dier close to its 

Prior to TZ S±liCOn haS «-« -*».it- and 

-9.. The JZ 21 PPer 6dSe t0 middle ° £ th * *i*t 

3 The same reference numerals indicate the same 

structures as in Fig, l e 

fig. 2 E which is rotated relative to Pic , a „ 
surface of the wafer after the «p step The \ ^ 
overfill is . , P ' e pol l' silicon 

xs completely removed, while the plugs s still 
rema ln r„ Ehe trenches. In Fig 2 c -* 3 Stl11 
after the etching is shown J'cL he ^ 
".ure. the trench 3 shows a 12 £ t^ 09 "^ ^ 
-ere it confronts the nitride layer 2 ^ * 

T tb : i::i:tir:r e 3 f r trenches — * 

lon - Fl 9- 3 A corresponds to F-irr o * „. 
shows the surface of * 9 ' A ' Flg - 3 B 

- « b6 seen/l: e t 2 i7 ^ — — ■ 

— « overlaying the nitride I T^Z^T 
etching, the recess y • Af ter "» second 

*e poly silicon overfilH 6 ^ 

can he seen from pJ c * " ~' - 

a * J u • rnese recescjpa *r „-u_ 
walls, then the ecesses 6 show smoother 

™ cne r ecesses produced hv i-v,^ 
30 process. oauced by the przor art CMP 



The process accordino tn fh D • 

Production of recess!s e o ^ 

ecesses, e.g. xn capacitor trenches, with 



integrated circuits. The invention is particularly useful as 
an integrated planarization process for low aspect ratio 
recess etching. The inventive process results in a reduction 
of cycle time due to the integrated processing made possible. 
The total production and tool cost is reduced by eliminating 
the unfavourable CMP step. Further, no tool modifications are 
required, so that available resources can be used. 
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Claims 
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1. Process for forming a recess in at least one poly silicon 
overfilled trench in an integrated circuit, comprising the 
5 following steps : 

-uniformly etching the poly silicon overfill layer (4) ; 

-stopping the etching before the poly silicon layer (4) is 
10 completely removed from the surface of the integrated 
circuit; and 



-recess etching the poly silicon layer (4) with 
microtrenching properties for forming a substantially planar 
recess (6) near the top of the at least one trench (3) . 



2. Process according to claim 1, characterised in that the 
etching comprises a plasma etching. 

3. Process according to claim 1 or 2, characterised in that 
the stopping of the etching is decided based on measuring the 
layer thickness of the poly silicon layer (4) . 

4. Process according to claim 3 , characterized in that the 
thickness of the poly silicon layer (4) is measured by 
interference spectrometry . 

5. Process according to any of claims 1 to 4 , characterised 
in that a nitride layer (2) is interposed between the silicon 
(1) of the integrated circuit and the poly silicon layer (4) . 
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Process according to claim s, characterised in that ,„ 
interference spectrometry uses the ™, 

the nitride layer (2, . SlllC ° n la ^« <«> and 

5 -rr; t ::;:r s :: of ciaim -° — . in 



is about 20 nm thick silicon layer ( 4 ) 
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' and/ or a helium/oxygen mixture. 

10. Process according to any of claims l to 9 ch 
xn that the trench ( 3 ) is part «, characterised 

v-=/ is part of a capacitor. 

in'tL7t e he S ? " ^ 1 ^ 

inte 3 rated cLcuit ^ a 1 ^ ' **°" lt " ° nt ° «» 

position prod " °" 
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1 silicon layer 

2 nitride layer 

3 trench 

4 poly silicon layer 

5 plug 

6 recess 
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Abstract 

Process for Planarization and recess etching of integrated 
circuits 

The invention is directed to a process for forming a recess 
in at least one poly silicon overfilled trench in an 
integrated circuit, comprising the following steps: uniformly 
etching the poly silicon overfill layer (4) ; stopping the 
etching before the poly silicon layer (4) is completely 
removed from the surface of the integrated circuit; and 
recess etching the polysilicon layer (4) with microtrenching 
properties for forming a substantially planar recess (6) near 
the top of the at least one trench (3) . 
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